decrease in total investment through the export share channel over the period, and an average 3.8% increase in total investment through the imported input share channel, with most of the response occurring through investment in Equipment, Plant and Machinery.
Introduction
There have been substantial changes in the value of the Australian dollar (AUD) over the last decade but we still have little detailed information about the implications of these movements for Australian industry. There is now a considerable international literature on the factors that influence the initial stage of the adjustment process, the change in relative prices that follows an exchange rate change, usually referred to as exchange rate passthrough. 1 However, fewer studies have extended this analysis to investigate the longer-term effects of exchange rates on investment and employment, and only for a limited number of countries (for example, Goldberg 1995, 1999; Nucci and Pozzolo 2001) . This paper uses quarterly data from 1988 to 2001 to estimate the size and determinants of the effects of exchange rate changes on investment in Australian manufacturing industry.
The optimal level of investment for a firm is an increasing function of the current and expected value of future profits. Exchange rate changes influence profits not only through changes in the prices of domestically produced goods sold in export markets but also through changes in the prices of imported goods used as inputs to production and in the prices of imports that compete with domestically produced goods. A firm with a larger share of sales in export markets, for example, would be expected to reduce investment in response to an appreciation of the domestic currency. Conversely, a firm that is highly dependent on the use of imported inputs into production would face a larger drop in variable costs and would consequently be expected to increase investment following an appreciation.
The exchange rate pass-through literature has also highlighted the importance of the competitive structure of industry in determining the size of the response to exchange rate changes (see, for example, Dornbusch 1987) . Firms in more competitive industries with lower price-over-cost markups have less ability to absorb exchange rate changes in their markups so that the change in prices for these firms following an exchange rate change will be larger. Lower levels of industry markups would therefore be expected to interact with, and amplify, the effects of external exposure on investment.
The few empirical studies available have generally confirmed the conclusions of the theoretical models. In a cross-country survey, Campa and Goldberg (1999) estimated that a net increase of around 1-2% in investment in total manufacturing in the USA would follow a 10% appreciation of the USD, with a wide variation expected in industry response, ranging from an increase of 12% to a decrease of 8.4%. The authors showed that these results were due to the increasing importance of imported inputs into manufacturing in the USA. Japanese industry generally showed a lower level of response, but with an overall increase in investment also expected following appreciation, and a similarly wide range of industry responses from an increase of 10% to a decrease of 8.3%. Campa and Goldberg (1999) were unable to find any statistical significance in the exchange rate coefficients for the UK and Canada, which they found surprising given the size and extent of the external orientation of Canadian manufacturing. However, Nucci and Pozzolo (2001) reported that the results of their estimations of a panel data set of about 1000
Italy manufacturing firms also strongly supported the implications of the theoretical model, with the overall effects of swings in the exchange rate on a firm's investment depending on which of the opposing export and imported input channels prevailed.
The rest of the paper is organised as follows. Section 2 outlines a theoretical framework that explicitly incorporates both changes in external exposure and industry markups as determinants of exchange rate effects on profits and investment. The empirical model described in Section 3 is directly derived from this framework, and is estimated for total investment in Australian manufacturing industry and for two investment sub-classes, Equipment, Plant and Machinery, and Buildings and Structures.
The results presented in Section 4 confirm the effects of external exposure and markups expected from the theoretical model. They show that a 10% real appreciation of the Australian dollar (AUD) leads to a net decrease of 4.2% in total investment on average over the period, the combined effect of an 8.0% decrease through the export share channel, and a 3.8% increase through the imported input share channel. Almost all of the investment response occurs through changes in investment in Equipment, Plant and Machinery. Section 5 draws some final conclusions.
Theoretical Framework
A firm is assumed to choose the optimal level of investment each period (I t ) to maximise its market value (V t ), which is equivalent to the discounted sum of expected future cash flows. K t , the capital stock at the start of period t, is assumed to be quasi-fixed and subject to a cost of installing new capital c(I t ) that is increasing and convex, as in a standard adjustment cost model (Chirinko 1993) . K t is also subject to a standard capital accumulation equation:
where δ is the rate of capital depreciation.
The profit function of the firm exposed to exchange rate changes is represented by Π(K t , e t ) where e t is the real exchange rate in units of domestic currency per unit of foreign currency. Following the model developed by Campa and Goldberg (1999) , the maximised value of the firm at time t is expressed as:
where the cash flow for every period is given by the profit function less the overall cost of investment, β is the discount rate, and E[·|Ω t ] is the expectations operator conditional on all information available at time t.
The first order condition derived by maximising the value of the firm in equation (2) subject to equation (1) represents the optimal decision-making rule for investment in period t.
That is, the firm should equate expected marginal profitability, or the discounted stream of expected future profits from an additional unit of investment, to the costs of that additional investment:
The model assumes only a cost of adjustment function that is increasing and convex.
However, for ease of exposition, a standard quadratic cost function with parameters γ and µ is used:
Differentiating equation (4), substituting into equation (3) and rearranging gives an expression for I t :
The firm is assumed to observe the exchange rate each period (e t ) and choose output for foreign and domestic markets and quantities of domestic and imported inputs in order to maximise per-period profit: 
is homogenous of degree one.
The first order conditions for equation (6) are combined and the resulting gross profit function differentiated to give an expression for the marginal profitability of capital: The model assumes for simplicity that the only source of uncertainty is the exchange rate, and that all exchange rate changes are assumed to be permanent. This implies that the level of the exchange rate in all future periods is expected to be equal to today's exchange rate, and consequently the expected marginal profitability in equations (3) and (5) is also equal to today's marginal profitability as expressed in equation (7).
By using equation (7) to differentiate equation (5) with respect to the exchange rate and rearranging, Campa and Goldberg (1999) are the exchange rate elasticities of markups in domestic and foreign markets respectively, TR t is total revenues, X t is the share of TR from sales in foreign markets, α t is the share of imported inputs in total production costs, The three main terms inside the square brackets in Equation (10) identify the three channels through which exchange rate changes can influence investment. Effects on the profitability of domestic sales (1-X t ) will depend on the exchange rate elasticities of price and markups in the domestic market. Effects on profitability of export sales (X t ) will depend on the exchange rate elasticities of price and markups in foreign markets plus a direct valuation effect on revenue from export sales. These effects on the revenue side will be offset by oppositely signed changes in total production costs, which are dependent on the exchange rate elasticity of imported input costs.
The price and markup elasticities are all dependent on the nature of competition in the relevant markets (Dornbusch 1987 In all industries, the larger is X t , the share of sales in export markets, the larger will be the effects from changes in foreign currency prices. Similarly on the imported input side, both more competitive markets for inputs (smaller markups and larger e w , * η ) and a greater proportion of imported inputs in production costs (larger α t ) will increase the countervailing effects of imported input costs on profitability and investment.
Empirical Estimation and Data
The empirical model to be estimated is derived from equation (10) (11) where I t is investment in private new capital expenditure at constant prices, and e t is the real trade-weighted exchange rate in units of domestic currency per unit of foreign currency.
From equation (10), the coefficient β 1 on the first exchange rate term is a function of ). All three exchange rate terms interact with average markup (AMKUP t ) as in equation (10), incorporating the influence of competitive structure on exchange rate effects.
The discount rate included in the term in A ′ in equation (10) is represented by the real interest rate (r t ). The estimation also includes a variable for the growth rate of real total sales in the industry (∆sales t ) to control for other industry-specific factors that may have influenced the growth rate of investment over the period. The lagged values of the interaction terms (export and imported input shares and average markup) and the real interest rate are used to avoid possible correlation with the current exchange rate, and a lag on total sales to avoid possible correlation with current investment. The final term in lagged investment (I t-1 ) is included to represent the adjustment and implementation lags generally expected in investment projects (Driver and Dowrick 1997, Nucci and Pozzolo 2001) . The symbol ∆ indicates first differences in natural logarithms for all variables except for the real interest rate, which is differenced in level form.
The inclusion of the lagged dependent variable in equation (11) Imported input share (α t ) is constructed from sectoral input-output data combined with import value shares for each input sector to give the total value of imported inputs used in manufacturing industry. The share of imported inputs in production is then derived as the ratio of the value of imported inputs to the total cost of production, including both materials and labour inputs. 
Results
The results of the estimation of equation (11) for total investment and the two investment sub-classes are given in Table 1 . For total investment, the exchange rate variables interacted with export shares and imported input shares are both significant and of the expected sign, indicating that an appreciation (a decrease in e t ) leads to a decrease in total investment through the export price channel and an increase through the imported input prices channel. The results for the interacted terms in the regression for equipment, plant and machinery are very similar but with slightly smaller coefficients. Investment in equipment, plant and machinery constituted around 85% of total investment on average over the period, consistent with the results obtained.
The regression for investment in buildings and structures has markedly poorer fit ( 2 R = 0.22) and only the lagged dependent variable is significant. Driver and Dowrick (1997) also found less explanatory power in the equations for buildings and structures in their estimations of the effects of investment intentions on investment in Australian manufacturing industry. Investment in buildings and structures is likely to involve much larger costs, suggesting longer lead times in planning and implementation that may induce "lumpiness" in investment spending. The wedge thus created between the benefits and costs embodied in an optimal investment policy may lead to parameter and model instability by weakening the link between investment spending and shifts in economic determinants such as exchange rates (Chirinko 1993) . The negative and significant coefficients on the one-period lag of investment in all three estimations, also found by Driver and Dowrick (1997) , support the idea that investment spending generally has some degree of "lumpiness", as higher levels of investment spending last period will be followed by lower levels of spending this period whatever the external economic conditions. Note: Each equation is estimated using 2SLS and corrected for fourth-order serial correlation. * and ** indicate significance at 5% and 10% levels respectively. Standard errors are reported in brackets below parameter estimates.
small and of the wrong sign. To check that this did not indicate the need to allow for a longer time delay on the interest rate effect, all three equations were re-estimated with lags up to five quarters on the real interest rate variable. Insignificant lags were eliminated using the general-to-specific methodology, but only the first lag remained significant in all three regressions. Interestingly, Campa and Goldberg (1995) found similar small but positive and significant coefficients in their estimations of the effects of exchange rate changes on investment in manufacturing industry in the United States. Campa and Goldberg (1995) offered no explanation for their findings, but the relative size of the coefficients for both Australia and the USA support the general conclusion of neoclassical models of investment that effects on output or sales, as generated here by exchange rate changes, have the dominant effect on investment with user cost having a minor role (Chirinko 1993 ).
The implications for Australian industry of the investment effects of exchange rate changes can be shown by combining the estimated coefficients on the interacted exchange rate terms in Table 1 with industry-specific data on export share, imported input share and markups. Table 2 gives the responses expected for total manufacturing industry and the 2-digit ANZSIC manufacturing sub-divisions following a 10% real appreciation of the AUD.
Ideally, the exchange rate coefficients would also be allowed to vary between sub-divisions, but the figures calculated here do show the variation that can be expected in effects between industries as a result of differences in markup and the degree of external exposure.
A 10% real appreciation leads to an overall net decrease of around 4.2% in investment
for Australian manufacturing as a whole, but effects vary from a 1.2% net increase in investment for printing, publishing and recording media to a 15% decrease for metal products.
These results contrast with those reported by Campa and Goldberg (1999) in their crosscountry survey. They estimated a net increase in investment in total manufacturing in both the USA and Japan following a 10% appreciation of the domestic currency, with a wider variation in industry response than that found here. However, the four Australian industries showing the largest effects in Table 2 (21, 22, 27 and 28) are those with the largest export shares, averaging over 20% export share over the period, and in the case of metal products, over 40%. They are also among the largest subdivisions overall, together averaging more than 60% of the total sales of the manufacturing industries. These results highlight the continued importance of the export channel for exchange rate effects for Australia. They also emphasise the importance of country and industry-specific influences in determining the direction and size of the response to exchange rate changes.
The remaining industries, more than half the industry sub-divisions (23, 24, 25, 26 and 29) , experience net changes of around 1% or less, indicating that even quite substantial reductions in investment through the export price channel can be counterbalanced by gains through the prices of imported inputs, as for example in petroleum, coal and chemical products.
Conclusion
This For individual manufacturing subdivisions, the expected response to a 10% appreciation of the AUD varies from a 1.2% net increase in total investment to a 15% net decrease. For the manufacturing division as a whole, the decrease of around 4.2% is a result of an 8% decrease in investment through the export price channel and a 3.8% increase through the imported input price channel. Almost all of the investment response occurs through investment in equipment, plant and machinery.
For Australia, the estimates suggest that export share remains the most important channel for exchange rate effects overall, although there are significant differences between industries. The results found here demonstrate the need for further research to address the determinants of differences in exchange rate effects both between industries and between countries. 
